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TECHNICAL MEMORANDUM X-73335 

COMPEND I UM OF METEOROLOGICAL DATA FOR THE 
CENTAUR LAUNCH I N  FEBRUARY 1974 

I. INTRODUCTION 

This report  i s  a compendium of all the meteorological data collectetl a s  
a function of the joint Marshall Space Flight Center  (hlSFC )/Langlcy Research 
Center  ( I,aRC)/Kennedy Space Center (KSC) rocket exhaust effluent prediction 
and monitoring program for the Centaur, a Titan I11 E launch from Kennedy 
Space Center a t  0948 EDT on Februqrg 11, 1!174. The data presented in this 
compendium were  collected largely to support NASA /RISFC diffusion predictions 
fo r  the deployment of NASA/LaRC monitoring si tes.  The joint solid rocket 
motor exhaust prediction (hlSFC) and measurement (1,aRC and KSC) program 
evolved in 1972 uriiizing the Titan and Delta launches a s  a source for empirical  
information that can be e m p l ~ y e d  to ,nore accur:itely predict the environmental 
effects of planned Space Shuttle operations. 

These data a r e  archived both a s  an aid in postlaunch analysis and 
because they represent  a unique s e t  of atmospheric soundings with high temporal 
resolution. Included in the repor t  a r e  the synoptic char ts ,  surface ol~servations,  
rawinsonde and windsonde soundings, and satellite cloud imagery obtained 
during this period. There  i s  no attempt to analyze any of the data presented in 
this document but r a the r  to provide a data source  f o r  future analysis. 

I I. DATA 

The data :we listccl in Appendices A through E: page numlwrs for spccific 
data a r e  given in the Table of Contents. Thc tlati.s, t imes ,  nntl s w r c e s  of the 
data a r e  listed in Tablc 1. 

The synoptic char t s  a r c  from the se r ies  puhlishcd \veelily by the 
National Occnnographic nntl A t m c ~ s p h ~ r i c  Administrntion ( N o A A ) .  The surface 
data a r e  from the Cape Canavcral A i r  Force  Station :Ic,c:ltion shown a s  KSC 
meteorological station in Figure 1). 

The rawinsonde runs were mndc with an AI\IQ-9 radiosonde (Fig.  2 )  
using the GMD-4 rnthcr than the N O A A  .J  00513 rntlioson(1e system. The tempera- 
ture  and humidity sensor  data a r c  trnnsmittetl tcn t imes pcr  minutc. in the AhIQ-I) 



TABLE 1. METEOROLOGICAL DATA SUMMARY FOR THE CENTAUR 
LAUNCH ON 11 FEBRUARY 1974 AT 0948 EDT (14482) 

a 
Relative to launch time; f o r  example, 0950 EDT = T t 2  min. 

b 
Char ts  for  surface and 500 mb; a l so  included a r e  precipitation and maximlrm 
and minimum temperatures for the preceding 24-hr period. 

Data Type 

Synoptic Char ts  
b 

C 
Surface Observations 

Raw insonde 

C 
Location of the base station for  upper a i r  and surface observations i s  illustrated 
in Figure. 

Date 
(Feb 1974) 

10 
11 
12 

l1 ,12 

10 
10 
10 
10 
11 

W indsonde 

Satellite Imagery ( I R )  

Source 

NOAA 
#NOAA 
NOAA 

USAF 

USAF 
USAF 
USAF 
USAF 
USAF 

E DT 

0800 
0800 
0800 

0158 to 
0056 (12 Feb)  

0115 
07 15 
1030 
2300 

Time  
a 

Relative 

T-25 h r  48 min 
T-  l h r  3 m i n  
Tt 22 h r  12 min 

T-  7 h r  50 min to 
T t 1 5  h r  8 rnin 

T-32 h r  33 min 
T-26 h r  33 min 
T-23 h r  18 min 
T-  10 h r  48 min 
T-  9 h r  18 min 

USAF 
USAF 

USAF 

USAF 
USAF 

1 

0910 

?! 

10 2 058 
11 2205 

T-  3 h r  48 rnin 
T-  3 8 m i n  

T-  4 h r  45 min 

T-12 h r  50 min 
T t 1 2 h r 1 7 m i 1 l  



KSC M E T E ~ R O L O G I C A L  
STATION, RAWItUSONDE 
BASE STATION 

BANANA RIVER 

Figure 1. Location of KSC meteorological station for 
surface and upper-air observations. 





by a clock-actuated switch rather than the aneroid barometer switch used in 
the NOAA radiosonde. Both systems measure azimuth and elevation with the 
directional receiver in the GMD. A transponder in the AMQ-9 is used to 
obtain the slant range to the radiosonde, enabling the calculation of altitude. 
The pressure is then calculated according to the hypsometric equation. The 
equations used in the computer program to calculate various thermodynamic 
quantities from the basic altitude, temperature, and relative humidity data a r e  
given in Appendix F. 

The windsonde measures ~ u l e r i a d w i n d  direction and speed a s  a function 
of altitude and is  similar to the rawinsonde (AMQ-9) except that i t  does not have 
temperature and humidity sensors. 

Since i t  is envisioned that use of the rawinsonde and windsonde data will 
be restricted to studies of the stabilizetl Space Shuttle rocket booster cloud, an 
altitude limit of 6. 8 hm (20 000 ft)  was chosen; all data beyond that altitude a r e  
not inc!~rtled in this report. The exclutled data a r e  archived a t  MSFC and a r e  
available. 

Tile data contained in this report cover a time period that is  sufficient 
for most anticipated meteorological :~nnlyses. The chronology of the data 
relative to the time of launch i s  given in Figure 3. In most studies data within 
1.5 hours of launch time (0948 EDT, 11 February) a r e  sufficient. To facilitate 
retrieval of these data, an index i s  provided in Table f which gives the page 
number of data obtained within 1.5 hours of launch. It i s  understood that for 
dynar.lic situations, such a s  the onset of a sea breeze o r  the passage of a front 
within 1.5 hours of launch, the selection of data would have to be narrowed to a 
more appropriate period. 

LA'ilNCH CONDITIONS 

At launch the KSC meteorological station reported a c lear  sky with a 
visibility of 10 miles. The surface wind was from the west-northwest a t  
7 knots. A rawinsonde sounding taken 38 minutes before launch indicated a 
northwest wind at  25 knots a t  1.05 krn (3446 ft). The northwest wind was 
responsible for the observed offshore trajectory of the stabilized exhaust cloud. 

 or practical applications the rnwinsonde nnd winrlsonde data a r e  treated 
a s  Eulerian. 





TABLE 2. METEOROLOGICAL DATA OBTAINED WITHIN 1.5 HOURS 
OF T-0 (0948 EDT, 11 February 1974) 

TIME 

T-68 rnin (0845 EDT) 

T-63 rnin (0845 EDT) 

T-50 rnin (0858 FDT) 

T-38 rnin (0910 ED'T) 

T-33 rnin (0915 EDT) 

T-18 rnin (0930 EDT) 

T- 3 rnin (0945 EDT) 

Tt 1 min (0949 EDT) 

Tt 2 rnin (0950 EDT) 

T+ 10 min (0958 EDT) 

T+GR rnin (1056 EDT) 

DATA TYPE 

Synoptic Charts 

Surface Observation 

Surface Observation 

R awinsonde 

Surface Observation 

Surface Observation 

Surface Observation 

Surface Observation 

Surface Observation 

Surface Observation 

Surfac.e Observation 

PAGE 

9 

14 

14 

2 2 

14 

14 

14 

14 

14 

14 

14 
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APPENDIX C 

RAW INSONDE DATA 
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SATELCITE IMAGERY 



SATELLITE IMAGERY (IR) 
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APPENDIX F 

CALCULATION OF THERMODYNAMIC VARIABLES 
FROM RAW INSONDE DATA 



The  c q u a t j o n s  u s e d  f o r  c a l c l l l  at. i o n  o f  t he rmodynamic  
v a r i a b l e s  f rom mcasuremen t;s o f  a1 t i tutlc?, tempt:r: t turc a n d  
re1 a t  i v e  h u m i d i t y  o b t a i n e d  f r o m  t h e  GM1)-4, AMQ-9 r a w i n s o n d e  
s y s t e m  are summar i zed  h e r e i n ;  t h e s e  e q u a t i o n s ,  o r i g i n a l l y  
d e v e l o p e d  f o r  t h e  CMD-3 svstem (ReI. I ) ,  mus t  b c  u s e d  i h  
c o n j u n c t i o n  w i t h  t h e  list o f  s y m b o l s  acd u n i t s  p r o v i d e d  a t  
t h e  e n d  o f  t b i s  a p p e n d i x .  

A t m o s p h e r i c  --- Q e n s i  t y  , p 

P r e s s u r e .  P 

( h - h 1 ) / ( 2 2 1 . 2 6 6 T  ) P = P 10- vrn 

V i r t u a l  T c m p e r a t u r c ,  T,, 

hican V i r t u a l  T v r n p e r a t ~ t r c ,  T,,, 

Vauor  P r e s s u r e .  e 



Dew Point Ternperature,'td 

- 237.3 log e - 186.527 
td - 8.236 - log c 

Potential Ternoerature. 0 

Virtual Potential Tcmpcra t u r c  0 v 

Absolute Ilumidi t y ,  pw 

Pw = 216.7 e / p  

Microwave Refract i vc Index, n 

For data t a b u l a t i o n ,  u s e :  

Speed  of Sound,  V 
s 



- 
L

IE
 
E
 

x
 



*v ' v i r t u a l  t e m p e r a t u r e  a t  g e o p o t e n t  i a l  (OK) 

h e i g h t  11' 

t h e  mean v i r t u a l  t e m p e r a t u r e  of (OK) 
Tvm layer bounded  by h a n d  h '  

"s 
s p e e d  of s o u n d  k n o t s  

P a t m o s p h e r i c  d e n s i t y  

w a b s o l u t e  h u m i d i t y  

0 p o t e n t i a l  t e m p e r a t u r e  (OK) 

OV 
v i r t u a l  p o t e n t i a l  t e m p e r a t u r e  (OK) 
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